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Abstract 


The  secondary  task  methodology  was  used  to  measure  the 
resource  demands  of  controlled  and  automatic  detection.  Subjects 
were  required  to  perform  a  secondary  task  of  locating  a  flickering 
light  together  with  a  primary  task  of  visual  letter  detection. 
Secondary  task  performance  was  lower  when  combined  with  the  search 
task  than  in  correspond ing  single  channel  control  conditions.  In 
addition,  this  decrement  was  approximately  the  same  for  both 
controlled  and  automatic  detection.  Similarly,  both  controlled  and 
automatic  detection  latencies  were  increased  in  the  presence  of  the 
secondary  task  and  by  the  same  amount.  Controlled  and  automatic 
detection  evidently  share  common  resource  demanding  components. 
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This  paper  is  concerned  with  the  question  of  whether  highly 
practiced  and  presumably  automatic  tasks  can  be  performed  in 
conjunction  with  other  tasks  without  mutual  interference.  We  will 
show  that,  at  least  for  the  case  of  automatic  detection  of  letters, 
"automatic"  processes  may  both  provide  and  be  subject  to 
interference  with  other  tasks. 


Automatic ity  i n  visual  search 


Visual  search  is  a  task  for  which  the  concepts  of  resources 
and  automaticity  are  well  defined.  A  variety  of  experiments 
initiated  by  Eriksen  and  Spencer  (1569)  and  continued  by  Shiffrin 
and  colleagues  (Shiffrin  and  Gardner,  1972;  Shiffrin  and  Grantham, 
1974)  indicate  that  the  major  limitation  in  performing  simultaneous 
tasks  is  competition  for  "post-  perceptual"  decision,  rehearsal, 
and  response  execution  processes  in  short-term  memory.  In  the  case 
of  visual  search  for  a  target  letter  in  a  display  of  letters,  speed 
of  search  is  limited  by  the  rate  at  which  subjects  can  compare 
encoded  representations  of  the  display  letters  to  the  target  set  in 
short-term  memory.  Schneider  and  Shiffrin  (1977)  showed  that 
extensive  practice  in  looking  for  the  same  set  of  characters 
(consistent  mapping  training)  can  result  in  search  becoming 
"automatic."  In  automatic  search,  presentation  of  a  target  letter 
produces  an  automatic  attention  response  in  which  the  subject's 
attention  is  automatical ly  drawn  to  the  spatial  position  of  the 
target.  Depending  on  the  task,  an  entire  chain  of  processes  may  be 
initiated  resulting  finally  in  the  production  of  an  overt  response. 
This  sequence  does  not  require  active  attention  on  the  part  of 
subjects  for  successful  completion  and  indeed  apparently  cannot  be 
inhibited . 


This  character  i zation  of  automatic  detection  suggests  that  its 
demands  on  short-term  memory  are  minimal  and  therefore  should 
provide  little  interference  with  other  concurrent  activities. 
Actually  some  interference  can  be  expected  due  to  the  "automatic 
attention"  response.  For  example,  Schneider  and  Shiffrin  (1977) 
showed  that  consistently  mapped  targets  occurring  in  to-be- ignored 
display  positions  tended  to  disrupt  the  slow  "controlled  search" 
for  other  targets. 


A  somewhat  different  character ization  of  automatic  search  was 
provided  by  hoffman  (157C,  1979)  in  terms  of  a  two-stage  model  of 
visual  search.  In  the  first  stage,  all  of  the  display  letters  are 
encoded  in  a  parallel,  unlimited  capacity  system.  This  stage 
produces,  in  addition  to  encoded  representations  of  the  display 
letters,  a  rough  index  of  the  likelihood  that  each  display  letter 
is  a  member  of  the  memory  set.  This  index  is  used  both  to 
determine  the  order  in  which  display  letters  are  transferred  to 
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short-term  memory  for  the  serial  comparison  operation  as  well  as 
providing  a  basis  for  making  fast  decisions.  Consistent  mapping 
training  results  in  all  of  the  decisions  being  based  on  the  output 
of  the  initial,  parallel  stage. 


This  position  differs  from  Schneider  and  Shiffrin's 
cha rac ter i za t ion  of  automatic  search  in  two  ways.  first,  it  leaves 
open  the  possibility  that  the  reading  of  information  provided  by 
the  initial  parallel  stage  is  not  automatic  and  may  provide  a  basis 
of  task  interference  for  both  controlled  and  automatic  search. 
Second,  it  suggests  that  spatial  allocation  of  attention  does  not 
occur  in  automatic  detection. 


A  d  ua  1 


task  experiment 


The  question  of  whether  automatic  search  utilizes  resources 
might  be  answered  through  use  of  the  secondary  task  methodology. 

In  this  case,  the  subject  would  be  instructed  to  perform  the 
primary  task  of  visual  search  in  conjunction  with  a  secondary  task. 
Performance  on  the  secondary  task  presumably  reflects  the  total 
resources  that  are  not  being  used  by  the  primary  task. 


Figure  1  shows  the  particular  secondary  task  employed  in  this 
experiment.  In  single  task  conditions,  the 
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subject  indicates  whether  or  not  a  member  of  a  predefined  memory 
set  is  present  in  a  visual  display  of  letters.  The  subject's 
reaction  time  (RT)  is  the  variable  of  interest.  Letters  are  either 
consistently  mapped  (CM)  or  varied  mapped  (VM)  which  leads  to 
automatic  and  controlled  search  respectively  (Schneider  and 
Shiffrin,  1977).  Search  is  presumably  automatic  when  RT  is 
independent  of  memory  set  size  and  display  size. 


The  other  task  (flicker  location)  requires  the  subject  to 
indicate  which  of  8  points  of  light  arranged  around  the  inner 
perimeter  of  the  letter  display  is  briefly  extinguished  at  the 
moment  the  letter  display  is  presented.  In  dual  task  conditions 
this  response  is  made  after  the  letter  detection  response. 
Location  accuracy  is  the  variable  of  interest.  This  particular 
task  was  employed  for  several  reasons.  It  appeared  to  be  a 
relatively  simple  perceptual  discrimination  which  would  impose 
minimal  demands  on  short-term  memory  capacity.  It  was  also 


sufficiently  dissimilar  to  the  letter  search  task  to  be  an  unlikely 
source  of  "structural  interference"  (Kahneman,  1973).  Finally  it 
offered  the  possibility  of  providing  an  objective  measure  of  the 
role  of  spatial  attention  in  visual  search.  For  example,  if  the 
letter  target  draws  attention  we  might  see  superior  detection  of 
the  flicker  information  when  it  is  in  close  spatial  proximity  to 
the  target  letter.  Similarly,  if  attention  is  allocated  to  the 
flicker  position  we  should  see  fast  detections  of  target  letters 
adjacent  to  the  flicker. 


In  summary,  the  resource  demands  of  controlled  and  automatic 
search  are  to  be  measured  in  terms  of  performance  of  a  secondary 
task  of  flicker  detection.  The  role  of  spatial  attention  in  these 
two  search  modes  is  to  be  measured  in  terms  of  dual  task 
interactions  when  the  flicker  and  target  letter  are  in  proximate 
spatial  positions. 

Method 


Subj ec ts .  Subjects  were  14  males  and  14  females  with  normal 
or  corrected  to  normal  vision. 


Appa r at us  and  Stimuli.  Presentation  of  visual  displays  and 
timing  was  provided  by  a  PLATO  V  terminal  which  has  a  plasma  panel 
screen.  Timing  was  provided  by  the  terminals  microprocessor  and 
had  a  period  of  approximately  7  msec.  Letters  and  masks  were  .3  x 
.23°of  visual  angle  in  height  and  width  respectively  and  were 
defined  on  a  9  x  7  dot  matrix.  Letters  appeared  in  a  circular 
display  with  a  diameter  of  4.5°of  visual  angle.  The  dot  used  for 
the  flicker  task  subtended  ,07°of  visual  angle.  Subjects  responded 
by’  pressing  keys  on  a  typewriter  style  keyboard. 


Procedure .  Each  subject  served  in  10  sessions,  each 
consisting  of  9  blocks  of  trials.  Each  pair  of  sessions 
represented  a  complete  replication  of  the  experiment:  2  memory  set 
sizes  (1  or  4 )  x  2  display  set  sizes  (2  or  8)  x  2  rapping 
conditions  (consistent  or  varied  mapping)  x  single/dual  channel. 

In  addition,  each  session  contained  a  single  block  devoted  to 
performance  of  the  flicker  task  alone. 


Each  block  of  trials  consisted  of  48  trials,  half  of  them 
c>ntaining  a  target  letter  (a  member  of  the  memory  set)  and  half 
containing  only  distractors.  On  each  trial,  the 
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subject  was  presented  with  a  memory  set  which  remained  on  view 
until  the  subject  initiated  the  trial  sequence. 


A  fixation  cross  appeared  in  the  center  of  the  screen  followed 
by  a  sequence  of  3  arrays.  A  typical  sequence  is  shown  in  Figure 
1.  A  set  of  8  premasks  appeared  for  250  msec.  Next  the  premasks 
were  replaced  by  the  letter  array  with  blank  positions  containing  a 
$  symbol.  This  display  remained  on  until  the  subject  responded. 
Simultaneously  with  the  onset  of  the  letter  array,  one  of  the  8 
light  points  was  extinguished  for  28  msec,  and  then  illuminated 
again.  In  search  only  blocks,  this  flicker  was  to  be  ignored.  In 
dual  task  conditions,  the  subject  was  to  report  which  of  the  8 
light  points  had  flickered.  This  report  was  made  after  the  subject 
made  his/her  search  task  decision.  At  the  end  of  each  trial  the 
subject  received  feedback  concerning  the  accuracy  of  response  on 
each  task  and  the  latency  of  the  search  task  response. 


The  subject  initiated  each  trial  with  his/her  left  hand  and 
responded  yes/no  as  to  the  presence  or  absence  of  a  memory  set 
letter  in  the  display  by  pressing  one  of  two  keys  with  the  right 
hand.  In  flicker  only  blocks,  the  subject  was  still  required  to 
execute  a  motor  response  with  the  right  hand  but  this  response  was 
unrelated  to  the  stimulus.  In  these  blocks  the  entire  display 
consisted  of  the  symbol  "$" . 


In  consistent  mapping  (CM) ,  the  memory  set  letters  were  always 
taken  from  the  set  G,  C,  (),  S  and  distractors  from  the  set  L,  T,  X, 
M.  In  varied  mapping  (VM) ,  memory  set  elements  were  taken  either 
from  the  set  R,  E,  N,  F  or  P,  V,  D,  I!  with  the  distractors  chosen 
from  the  alternate  set.  Each  VM  set  was  used  equally  often  as 
target  or  distractor  sets  in  each  block  in  a  random  order. 


The  assignment  of  letters  to  positions  in  the  display  was 
random.  After  assignment  of  a  target  letter  to  a  display  position, 
on  target-present  trials  the  flicker  location  was  determined 
according  to  the  following  schedule.  There  were  5  flicker-target 
"distances".  A  distance  of  0  corresponds  to  the  flicker  occurring 
adjacent  to  the  target  while  a  distance  of  one  corresponds  to  the 
flicker  being  one  position  removed  from  the  target  letter  (either 
clockwise  or  coun terclockwi se)  and  so  on.  Each  of  these  5 
distances  occurred  equally  often  in  each  condition.  Notice  that 
this  procedure  introduces  a  small  statistical  dependency  between 
the  locations  of  the  flicker  and  target  letter. 
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The  order  of  blocks  within  a  session  was  random  within  the 
constraint  that  each  block  occur  in  each  presentation  position 
equally  often.  In  addition,  each  subject  received  the  identical 
order  of  the  blocks  across  sessions, 


Subjects  were  instructed  to  treat  the  letter  search  task  as 
primary  and  the  flicker  task  as  secondary. 


Fesul ts 


FI icker  Loca t ion  Accuracy .  Recall  that  performance  on  the 
secondary  task  of  FT icker  location  was  presumed  to  reflect  the 
resource  demands  of  controlled  and  automatic  search  tasks.  Figure 
2  shows  percent  correct  flicker  location  as  a  function  of  memory 
set  size  and  display  set  size  for  both  CF»  and  search. 
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These  data  make  it  quite  clear  that  both  kinds  of  search  compete 
for  a  resource  required  in  localizing  the  flicker.  In  addition, 
the  difficulty  of  the  search  task,  as  indexed  by  the  product  of 
memory  set  size  and  display  set  size,  influenced  flicker  location 
performance.  The  highest  load  (memory  set  =  4,  display  set  =  S) 
caused  a  small  drop  in  j>er formance  relative  to  the  other  load 
conditions.  Surprisingly,  this  effect  of  load  is  present  even  for 
CN  search;  which  actually  produces  slightly  more  interference  than 
VM  search.  Given  that  secondary  task  performance  is  a  measure  of 
the  resources  utilized  by  the  search  task,  we  conclude  that  both 
automatic  and  controlled  search  require  use  of  some  limited 
resource  and  to  approximately  the  same  extent.  This  resource 
competition  is  more  severe  when  the  number  of  comparisons  required 
for  the  search  task  is  increased.  This  load  effect  occurs  only  for 
very  high  loads  and  is  small  compared  to  the  overall  decrement  that 
results  from  simply  combining  the  two  tasks. 


A  repeated  measure  analysis  of  variance  of  these  data  revealed 
a  significant  effect  of  consistent  vs.  varied  mapping 
(F(l , 24 )=5. 5,  p<.05)  as  well  as  the  interaction  of  memory  set  size 
and  display  set  size  ( f ( 1 , 24 ) =8 . 6 )  . 


Search  Reaction  Time .  The  average  correct  reaction  time  for 
the  search  task  as  a  function  of  processing  load,  varied  vs. 
consistent  mapping,  single  vs.  dual  channel,  and  response  type 
(positive  or  target  present  vs.  negative  or  target  absent)  is 
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shown  in  Figure  3.  Consider  first  the  single  channel  performance 
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represented  by  the  solid  lines.  The  logarithmic  scale  used  for 
processing  load  disguises  the  linear  relation  between  KT  and 
processing  load  for  VM  search.  The  slope  for  positive  data  was 
27,2  msec.  (r  -.96)  and  of  that  the  negative  data  47.0  msec. 

(r^  =  .98).  In  contrast,  KT  for  CM  search  was  relatively  independent 
of  load  for  both  positive  and  negative  responses. 


An  additional  finding,  not  apparent  in  this  figure,  concerns 
the  load=8  condition.  KTs  here  can  be  separated  into  tv.o  types: 

M  =  l,  C—8 ,  and  M=4,  D=2.  Despite  the  fact  that  these  two  conditions 
have  similar  processing  loads,  in  terms  of  the  product  of  memory 
set  size  and  display  set  size,  they  produce  quite  different 
performance.  The  M-4 ,  D  =  2  condition  was  9  5  msec.  slower  than  the 
M=1 ,  D=C  condition  for  VM  search.  This  held  true  even  for  the  CM 
condition  which  showed  an  effect  of  123  msec.  Except  for  the 
latter  finding  concerning  CM  search,  these  results  replicate  the 
findings  of  Schneider  and  Shiffrin  (1877). 


The  slower  search  I<T  in  the  M- 4,  D=2  condition  relative  to  the 
M =1 ,  D=8  condition  for  CM  search  is  probably  due  to  confusabil ity 
effets.  In  the  D=2  condition,  six  of  tie  display  positions 
contained  the  symbol  ”$”  which  was  physically  similar  to  one  of  the 
Cm  memory  set  items  (E).  With  a  memory  set  of  4  there  was  greater 
con f usab i 1 i ty  between  the  memory  set  and  display  characters.  It 
should  be  noted  that  this  effect  was  present  even  for  the  last 
session  pair  and  was  still  sizable  (80  msec). 


This  effect,  if  it  can  be  replicated  in  other  types  of  CP 
search,  is  of  potential  importance  in  understanding  the  nature  of 
automatic  detection.  For  example,  suppose  that  automaticity  was 
obtained  by  "unitizing”  the  individual  memory  set  elements  into  a 
higher  order  structure.  If  the  subject  based  his/her  decision  on 
the  activity  in  this  structure  for  all  memory  set  sizes,  then 
search  KT  would  be  independent  of  memory  set  size.  This  model 
would  predict  that  M=l,  D=2  and  M=4,  D=2  conditions  would  produce 
equivalent  search  latencies  which  they  do  not  (481  vs.  562  nsec, 
for  the  last  session  pair).  This  suggests  that  in  CM  search  the 
subject  is  not  using  the  same  memory  set  information  independent  of 
memory  set  size.  Ernaller  memory  sets  allow  the  subject  to  reduce 
confusabil ity  between  memory  set  items  and  display  items  that  is 
present  for  larger  sets. 
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Dual  Task  reaction  times :  Figure  3  shows  that  the  search  RT 
was  increased  when  subjects  had  to  perform  the  flicker  location 
task  in  addition  to  the  letter  search  task.  This  effect  is  largely 
additive  with  respect  to  the  mapping,  load,  and  response  type  of 
the  search  task  suggesting  that  the  addition  of  a  secondary  task 
added  a  constant  time  to  the  search  process.  There  is  however,  a 
small  but  significant  interaction  between  search  load  and  single 
vs.  dual  task  conditions.  For  example,  in  VM  search  the  RT 
difference  between  load=l  and  load=32  is  1160  msec.  for  the  single 
channel  condition  and  1241  msec.  for  dual  channel  conditions.  The 
corresponding  values  for  CM  search  are  30  and  100  nsec. 


A  repeated  measures  analysis  of  variance  on  these  data 
revealed  that  the  effect  of  single  vs.  dual  channel  was 
significant  ( F ( 1 , 24 ) =37 . 9 ,  p<.01)  and  did  not  interact  with  whether 
search  was  CM  or  VM  (F(1,?4)<1).  Single  vs.  dual  channel  did 
interact  with  processing  load  ( F ( 1 , 24 ) =10 . 5 ,  p<.01)  and  to  about 
the  same  extent  for  CM  and  VM  search  ( F ( 1 , 24 ) =3.  0 ,  p>.05). 


Pr ac t ice  effects.  Figure  4  shows  how  dual  task  performance 
chang*ed  with  train  ing .  The  top  two  panels  show  how*  the  slope  of 
the 
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RT  vs.  load  function  (averaged  across  positive  and  negative 
responses)  varied  across  sessions.  Notice  that  CM  search  latency 
was  almost  immediately  independent  of  load  effects  due  to  the  low 
con f usab i 1 i ty  between  memory  set  and  distractor  items.  Adding  the 
secondary  task  initially  induced  a  load  effect  but  in  the  remaining 
sessions  CM  search  remained  relatively  free  of  load  effects. 


VM  search  shows  a  remarkably  stable  slope  across  sessions 
confirming  the  results  of  Kr istof ferson  (1972).  Occasional  small 
increases  in  slope  can  be  observed  in  the  dual  task  conditions 
relative  to  the  single  task  condition. 


The  middle  panel  confirms  the  inferences  drawn  from  Figure  3. 
'Ihe  principle  effect  of  adding  the  flicker  location  task  is  to  add 
a  constant  to  search  RT  reflected  by  an  increase  in  the  intercept 
of  the  RT  vs.  load  function.  This  constant  effect  shows  little 
sign  of  diminishing  over  sessions  for  either  VM  or  CM  search. 


■  HIGH  LOAO 


CONSISTENT  NAPPING 
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The  bottom  panel  shows  flicker  location  accuracy  as  a  function 
of  load  over  sessions.  High  load  refers  to  the  M=4,  D=8  condition 
while  low  load  is  the  average  of  performance  on  the  remaining  three 
load  conditions.  Once  again  it  can  be  seen  that  secondary  task 
performance  reflected  the  load  imposed  in  the  search  task.  This 
load  effect  remained  relatively  constant  over  sessions  for  both  CM 
and  VM  search.  The  exception  is  the  last  session  pair  in  the  CM 
condition  in  which  the  load  effects  are  eliminated.  This  is 
surprising  in  view  of  the  lack  of  load  effects  exhibited  in  terms 
of  RT  on  the  CM  search  task.  However,  the  slope  measure  does 
obscure  small  load  effects.  Table  1  shows  RT  as  a  function  of  load 
for  the  last  two 


Insert  Table  1  About  here 


session  pairs  in  the  CM  condition.  Notice  that  in  the  single 
channel  condition  there  is  a  large  decrease  in  the  FT 1 s  in  the  M  =  4, 
D=8  condition  as  subjects  move  from  session  pair  4  to  5.  This 
decrease  in  primary  task  load  effects  is  faithfully  reflected  in 
the  abolishment  of  the  load  effects  on  secondary  task  performance. 
Notice  however  that  a  large  overall  effect  of  dual  channel 
condition  remains  in  the  CM  RT‘s  as  well  as  the  flicker  location 
accuracy . 


Spatial  Ad j  acency  e  f f ec ts .  Table  2  shows  the  way  in  which 
correct  search  FT  depended  on  distance  from  the  flicker  location 
for  CM  and  VM  search.  For  VM  search.  targets 


Insert  Table  2  About  Here 


were  detected  about  100  msec.  faster  when  they  occurred  ajacent  to 
the  flicker  (distanced)  relative  to  other  positions.  The  tine  to 
detect  the  CM  target  was  independent  of  distance  from  the  flicker. 
This  distance  x  mapping  interaction  was  significant  ( l ( 4 , 108 ) =3 . 0 , 
p< . 05 )  • 


A  similar  pattern  appears  to  hold  for  search  accuracy.  rIable 
3  shows  the  probability  of  a  "hit"  given  that  the 


Insert  Table  3  About  Here 
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flicker  location  was  correct.  tor  VM  search,  subjects  were 
significantly  more  likely  to  detect  the  target  when  it  appeared 
adjacent  to  the  flicker  ( F (4 , 108 )=3. 5,  p<.C5).  For  CM  search, 
there  is  a  suggestion  of  such  an  effect  but  it  was  not  significant 
(M<f  108)*1.95,  p>  .  05 )  . 


Table  4  shows  that  distance  between  the  flicker  and  target 


Insert  Table  A  About  here 


letter  did  influence  flicker  location  accuracy.  Flicker  location 
was  more  accurate  when  adjacent  to  the  target  letter  for 
VM ( 1 (A , 108)=1C. 1,  p<.01)  and  CM  ( F ( A , 1 04 ) =6 . 7 ,  pC.01)  search. 
Unfortunately  this  effect  is  alnost  surely  due  to  a  bias  to  guess 
the  target  letter  location  as  the  flicker  location.  This  could  be 
evaluated  directly  by  examining  the  distribution  of  location 
responses  on  trials  when  the  subject  was  incorrect.  Unfortunately 
these  data  were  not  retained.  however  two  findings  suggest  a 
guessing  interpretation.  The  effect  of  location  did  not  interact 
with  load  for  VM  search  (F(4,108)<1)  even  though  the  average  FT  for 
the  M=4  ,  D=S  target-  present  condition  was  157f>  nsec.  This  would 
be  too  late  to  affect  the  processing  of  the  flicker  information. 
Second,  in  subsequent  work  we  have  eliminated  guessing  effects  and 
have  not  observed  any  effect  of  target  1 e tte r- f 1  ic ke r  distance  on 
flicker  accuracy . 


A  two  state  attention  model.  It  would  be  useful  to  review  the 
major  effects  of  time- sharing  visual  search  with  a  secondary  task 
of  flicker  location.  As  a  first  approx imat ion ,  the  effect  of 
adding  the  flicker  task  to  the  search  task  is  to  add  a  constant  to 
both  CIS  and  VM  search  time.  Similarly,  the  flicker  task  accuracy 
is  reduced  by  a  constant  when  combined  with  either  CM  or  VM  search. 
These  effects  can  be  accomodated  by  a  simple  two-state  attention 
switching  model.  We  assume  that  on  each  trial  in  dual  channel 
conditions,  with  some  probability  p  the  subject  ignores  the  flicker 
task  and  performs  the  search  task  with  speed  t.  With  probability 
1-p,  the  subject  performs  the  flicker  task  attaining  the  accuracy- 
obtained  in  the  flicker-only  condition  (c)  .  Search  is  delayed  by 
tine  At.  This  leads  to  the  following  expressions: 


(1)  F=pg+  (1-p)  c 


(2)  At=  (1-p)  t 
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where  I-  is  the  observed  flicker  performance,  g  is  the  flicker 
guessing  rate  (.125)  and  is  the  time  required  to  perform  the 
flicker  discrimination. 


Solving  expression  1  for  p  yields  a  value  of  .54. 
Substituting  this  value  in  expression  2  yields  an  estimate  of 
t£=3C8  msec. 


This  model  although  attractive  in  giving  a  simple  account  of 
the  major  features  of  the  data  faces  two  difficulties.  First,  the 
model  suggests  that  subjects  attempted  the  flicker  task  on  56%  of 
the  trials  which  seems  high  in  light  of  the  instructions  to  treat 
it  as  secondary.  Second,  this  model  suggests  that  fast  PT '  s  should 
be  associated  with  low  flicker  accuracy.  To  evaluate  this 
prediction  we  took  the  entire  distribution  of  correct  CM  reaction 
times  in  dual  task  conditions  for  the  last  2  session  pairs  and  rank 
ordered  them.  This  distribution  was  divided  into  quarters  and  the 
associated  flicker  accuracy  computed  for  each  interval.  These  data 
are  shown  in  Table  5. 


Insert  Table  5  About  Here 


It  is  clear  that  there  is  no  relation  between  speed  of  search  and 
flicker  accuracy  which  is  directly  contrary  to  the  predictions  of 
the  model. 


Although  the  two  state  switching  model  seems  to  be  an  unlikely 
explanation  for  our  time-sharing  data  we  night  still  retain  some  of 
its  aspects.  Many  subjects  commented  that  they  first  discriminated 
the  flicker  information  and  then  began  the  letter  task.  The 
accuracy  of  the  flicker  information  that  is  obtained  and  also  the 
amount  of  delay  imposed  on  the  search  task  may  be  determined  by  the 
time  the  subject  samples  the  flicker  channel  based  on  instructions 
regarding  the  relative  emphases  placed  on  the  two  tasks.  This 
approach  will  be  considered  in  the  discussion. 


Pi sucssion 


The  purpose  of  the  present  experiment  was  to  examine  the 
resource  demands  of  controlled  and  automatic  search  by  pairing  them 
with  a  secondary  task  of  flicker  location.  There  are  three  main 
findings  which  speak  to  the  nature  of  resources  used  in  these  two 
search  modes. 
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First,  we  found  that  there  was  mutual  interference  between 
flicker  location  accuracy  and  either  controlled  or  automatic 
search.  Flicker  location  accuracy  was  lower  when  combined  with 
both  search  tasks  relative  to  when  it  was  the  subjects  only  task. 
Similarly,  search  latency  was  increased  relative  to  single  task 
performance  when  combined  with  flicker  location.  This  increase  was 
approximately  the  same  for  both  search  modes  and  was  virtually 
independent  of  search  load. 


Our  second  finding  concerns  the  effects  of  conf usabi 1 i ty 
between  memory  set  items  and  distractors  in  automatic  search.  We 
found  that  when  the  display  contained  distractors  ($'s)  which  were 
highly  similar  to  one  of  the  letters  in  the  CM  memory  set  (S),  KT 
was  increased  relative  to  a  display  containing  non-conf usable 
distractors.  This  effect  of  distractor  conf usab il i ty  was  greatly 
reduced  when  the  subjects  used  smaller  memory  sets  indicating  that 
they  had  some  control  over  the  information  used  in  the  search 
decision. 


Our  third  finding  is  that  VM  search  accuracy  and  speed  was 
improved  when  the  target  occurred  near  the  location  of  the  flicker. 
CM  search  latency  and  accuracy  were  relatively  unaffected  by  the 
spatial  proximity  of  flicker  and  target  letter.  These  results 
suggest  that  spatial  attention  can  improve  performance  in 
controlled  processing  but  not  automatic  processing. 


These  results  can  be  understood  within  a  framework  that  offers 
a  specific  mechanism  for  producing  load  and  con f usab i 1 i ty  effects 
in  recognition  memory  procedures  similar  to  the  search  task 
utilized  here.  Ratcliff  (1978)  has  recently  introduced  such  a 
framework  in  the  form  of  a  resonance  metaphor.  Each  of  the 
elements  in  the  memory  set  can  be  represented  by  a  tuning  fork. 
Presentation  of  a  probe  produces  activity  in  each  element  in 
parallel.  The  degree  of  activity  is  a  function  of  the  similarity 
or  relatedness  between  the  probe  and  memory  set  element.  The 
decision  strategy  is  to  say  "yes"  if  activity  in  any  tuning  fork 
exceeds  some  positive  criterion  and  respond  "no"  when  activity  in 
alL  forks  reaches  some  negative  criterion. 


This  model  is  embodied  in  a  random  walk  process.  The  probe 
can  be  viewed  as  set  of  features.  Each  matching  feature  drives  the 
random  walk  process  toward  a  positive  "absorbing  barrier"  while 
mismatching  features  drive  the  process  toward  a  negative  barrier. 

It  is  convenient  to  view  the  accumulation  of  these  features  as  a 
serial  process  occurring  over  time.  Thus  if  subjects  can  control 
the  number  of  features  to  be  sampled  (or  sampling  time),  they  can 
improve  their  accuracy  by  extending  the  sampling  time.  This  latter 
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feature  allows  the  model  to  account  for  speed-acc uracy  trade-off 
effects  in  reaction  time. 


Memory  set  size  effects  arise  in  this  model  because,  on 
negative  trials,  RT  is  determined  by  the  slowest  comparison 
process.  This  value  increases  with  increases  in  the  number  of 
comparisons.  Cn  positive  trials,  the  match  (or  relatedness) 
between  the  probe  and  its  corresponding  memory  set  element  declines 
with  increasing  memory  set  size.  No  specific  mechanism  is  advanced 
for  this  latter  effect;  it  might  be  that  relstedness  is  partially 
determined  by  a  serial  rehersal  of  memory  set  information.  This 
model  has  not  yet  been  extended  to  the  domain  of  visual  search  in 
which  more  than  a  single  probe  is  presented.  However  it  can  be 
seen  that  at  least  qualitatively  the  model  would  predict  an 
interaction  between  memory  set  size  and  display  size.  Increases  in 
display  size  increase  the  number  of  potential  features  matching 
those  in  the  memory  set  producing  longer  comparison  times. 


In  this  context,  automatic  search  may  occur  when,  through  the 
process  of  training,  the  relatedness  between  memory  set  elements 
and  distractors  becomes  very  small.  In  such  cases,  increases  in 
set  size  have  virtually  no  effect  on  reaction  time  (Ratcliff, 

1570 )  . 


Let  us  now  consider  how  this  model  offers  a  perspective  on  the 
three  findings  outlined  earlier. 


Task  interference  occurs  because  the  subject  can  only  perform 
one  discrimination  at  a  time.  In  the  present  experiment,  it  is 
likely  that  subjects  first  performed  the  flicker  task  and  then  the 
letter  search  task.  The  information  required  for  performance  of 
the  flicker  task  (onset  and  offset  of  light)  is  of  the  HtransientH 
variety  and  is  conducted  along  visual  pathways  faster  than  the 
"sustained"  form  information  required  for  performance  of  the  search 
task  ( Enro th-Cugel 1  and  Robson,  1966).  he  assume  that  the  subject 
uses  "time-controlled  processing"  to  sample  information  for  the 
flicker  discrimination.  That  is,  information  is  sampled  for  some 
criterial  time  and  a  decision  is  based  on  that  accumulated 
information.  This  sampling  time  shows  up  in  the  search  HT  as  a 
constant  increment  for  both  controlled  and  automatic  processing. 
When  flicker  location  is  the  only  task  to  be  performed  the  sampling 
time  can  be  extended  producing  increases  in  accuracy.  Thus  the 
model  predicts  the  pattern  of  task  interference  that  was  obtained. 
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This  model  also  accounts  in  a  straightforward  way  for  the 
confusabil ity  effects  found  in  CM  search.  Even  through  the  filler 
character  ($)  received  consistent  mapping  throughout  the 
experiment,  its  high  degree  of  similarity  to  the  letter  "f" 
produced  long  comparison  times  even  at  the  end  of  training.  When 
subjects  used  smaller  memory  sets,  these  long  comparisons  were 
excluded  producing  fast  responses. 


The  observed  spatial  adjacency  effects  in  VM  search  suggest 
that  attention  to  the  spatial  position  of  the  target  can  speed 
target  detection.  This  is  consistent  with  other  experiments 
showing  that  targets  are  detected  faster  when  attention  is 
explicitly  directed  to  their  vacinity  (Eriksen  and  Hoffman,  1972; 
Logan,  1978).  An  attentional  mechanism  may  be  added  to  the  random 
walk  model  by  assuming  that  attention  to  a  position  biases  the 
order  in  which  features  enter  the  random  walk  discrimination 
process.  In  VM  search,  this  bias  produces  faster  and  more  accurate 
hits.  In  CM.  search,  where  few  features  are  required  to  classify  a 
letter  as  being  positive  or  negative,  this  bias  will  be  much  less 
e  f feet ive . 


Cur  results  show'  that  the  interference  between  the  search  and 
flicker  tasks  is  largely  additive  with  respect  to  all  aspects  of 
the  search  process  ( load  ,  mapping,  and  response  type).  However 
small  but  significant  effects  of  load  could  be  seen  superimposed  on 
the  main  effect  of  task  combination.  Similar  effects  can  be 
observed  in  Logan  (1978,1979).  Isreal,  Chesney,  Kickens  and 
Donchin  (1980)  recently  examined  the  magnitude  of  the  P300 
component  of  the  human  evoked  potential  as  an  index  of  attention. 
They  found  that  the  F300  elicited  by  tones  to  be  counted  was 
reduced  in  the  presence  of  a  concurrent  tracking  task  but  was 
relatively  unaffected  by  the  difficulty  of  the  tracking  task. 

There  appeared  to  be  a  small  effect  of  tracking  difficulty  on  P300 
amplitude  but  it  was  not  significant. 


Several  different  sets  of  results  then  agree  in  showing  that 
tasks  with  apparently  quite  desperate  resource  requirements  may 
interfere  with  each  other.  This  pattern  of  interferences  is 
largely  additive  with  respect  to  the  difficulty  of  the  tasks.  We 
interpret  this  additivity  in  terms  of  a  "discrimination  process" 
which  can  handle  one  task  at  a  time.  What  then  is  the  source  of 
the  interactions  that  have  been  observed?  The  interaction  suggests 
some  sharing  of  resources  between  tasks.  Certainly  one  source  of 
sharing  in  visual  search  tasks  is  a  rehearsal  process.  Subjects 
engage  in  rehearsal  of  the  memory  set  letters  before  and  during  the 
trial.  These  rehearsals  effect  the  speed  of  the  recognition 
process  such  that  presentation  of  a  probe  in  close  temporal 
proximity  to  its  corresponding  rehearsal  results  in  fast 
recognition  decisions  (Seamen,  1976;  Seamen  and  Wright,  1 976).  It 
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seems  likely  that  the  encoding  of  the  flicker  position  caused  an 
interruption  of  the  rehearsal  process.  This  loss  of  "priming'1  from 
the  rehearsal  process  may  be  the  reason  for  the  small  increases  in 
the  slo^e  of  the  PT  vs,  load  function  observed  in  dual  task 
cond itions. 


A  similar  explanation  may  underlie  the  small  load  effects  seen 
in  flicker  accuracy.  The  rehearsal  process  required  for  the 
largest  load  conditions  may  have  competed  with  the  encoding  of  the 
flicker  location  accuracy.  The  elimination  of  load  effects  on 
flicker  location  seen  in  the  last  session  pair  for  CM  search  may 
reflect  the  withdrawal  of  the  rehearsal  process  with  the 
development  of  a utoma t ic i ty . 


Thus,  the  major  way  in  which  tasks  compete  may  be  through  a 
process  of  "attention  switching"  in  which  a  d iscr inination  process 
can  operate  on  but  one  task  at  a  time.  however,  a  small  component 
of  interference  is  due  to  "attention  sharing"  in  which  processes 
utilized  by  two  tasks  may  overlap  in  time.  These  conclusions  are 
similar  to  those  reached  by  Sperling  and  Kelchner  (1978).  They 
concluded  that  for  the  case  of  two  concurrent  visual  search  tasks 
both  switching  and  sharing  were  utilized. 


Cone  1  us  ion .  A  secondary  task  experiment  showed  that  both 
controlled  and  automatic  search  require  a  common  mechanism.  The 
pattern  of  interference  between  the  search  tasks  and  a  secondary 
task  of  flicker  location  suggested  that  both  search  modes  require 
the  use  of  a  discrimination  mechanism  which  can  operate  on  one  task 
at  a  time. 
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1  DR.  PAT  FEDERICO 

NAVY  PERSONNEL  R&D  CENTER 
SAN  DIEGO,  CA  92152 

1  Mr.  Paul  Foley 

Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 

1  Dr .  John  Ford 

Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 

1  Dr.  Richard  Gibson 

Bureau  of  medicine  and  surgery 
Code  3C 1 3 
Navy  Department 
Washington,  DC  20372 


Navy 


1  MR.  GEORGE  N.  GRAINE 

Personnel  and  Training  Analysis  Office 
Building  200  (200-3) 

Washington  Navy  Yard 
Washington,  DC  20374 

1  LT  Steven  D.  Harris,  MSC,  USN 
Code  6021 

Naval  Air  Development  Center 
Warminster,  Pennsylvania  18974 

1  Dr.  Patrick  R.  Harrison 
Psychology  Course  Director 
LEADERSHIP  &  LAW  DEPT.  (7b) 

DIV.  OF  PROFESSIONAL  DEVEL0PMMENT 
U.S.  NAVAL  ACADEMY 
ANNAPOLIS,  MD  21402 

1  LCDR  Wade  Helm 

Psychology  Department 
University  of  South  Dakota 
Vermillion,  SD  57069 

1  Dr.  Lloyd  Hitchcock 

Human  Factors  Engineering 
Division  (6022) 

Naval  Air  Development  Center 
Warminster,  PA  18974 

1  CDR  Charles  W.  Hutchins 

Naval  Air  Systems  Command  Hq 
AIR-340F 
Navy  Department 
Washington,  DC  20361 

1  CDR  Robert  S.  Kennedy 

Head,  Human  Performance  Sciences 
Naval  Aerospace  Medical  Research  Lab 
Box  29407 

New  Orleans,  LA  70189 

1  Dr.  Norman  J.  Kerr 

Chief  of  Naval  Technical  Training 
Naval  Air  Station  Memphis  (75) 
Millington,  TN  38054 

1  Dr .  Leonard  Kroeker 

Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 
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Navy 


1  Dr.  William  L.  Maloy 

Principal  Civilian  Advisor  for 
Education  and  Training 
Naval  Training  Command,  Code  00A 
Pensacola,  FL  32508 

1  Dr.  Kneale  Marshall 

Scientific  Advisor  to  DCNO(MPT) 

0P01T 

Washington  DC  20370 

1  CAPT  Richard  L.  Martin,  USN 
Prospective  Commanding  Officer 
USS  Carl  Vinson  (CVN-70) 

Newport  News  Shipbuilding  and  Drydock 
Newport  News,  VA  23607 

1  Dr.  James  McBride 

Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 

1  Dr.  George  Moeller 

Head,  Human  Factors  Dept. 

Naval  Submarine  Medical  Research  Lab 
Groton ,  CN  06340 

1  Dr  William  Montague 

Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 

1  LCDR  W.  Moroney 
Code  55MP 

Naval  Postgraduate  School 
Monterey,  CA  93940 

1  Commanding  Officer 

U.S.  Naval  Amphibious  School 
Coronado,  CA  92155 

1  Library 

Naval  Health  Research  Center 
P.  0.  Box  85122 
San  Diego,  CA  92138 

1  Naval  Medical  R&D  Command 
Code  44 

National  Naval  Medical  Center 
Bethesda,  MD  20014 


Navy 


1  Ted  M.  I.  Yellen 

Technical  Information  Office,  Code  201 
NAVY  PERSONNEL  R&D  CENTER 
SAN  DIEGO,  CA  92152 

1  Library,  Code  P201L 

Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 

5  Technical  Director 

Navy  Personnel  R&D  Center 
San  Diego,  CA  9215 2 

1  Director,  Navy  Personnel  R&D  Center 
Washington  Liason  Office 
Building  200,  2N 
Washington  Navy  Yard,  DC  20374 

6  Commanding  Officer 

Naval  Research  Laboratory 
Code  2627 

Washington,  DC  20390 

1  Psychologist 

0NR  Branch  Office 
Bldg  114,  Section  D 
666  Summer  Street 
Boston,  MA  02210 

1  Psychologist 

0NR  Branch  Office 
536  S.  Clark  Street 
Chicago,  IL  60605 

1  Office  of  Naval  Research 
Code  441 

800  N.  Quincy  Street 
Arlington,  VA  22217 

5  Personnel  &  Training  Research  Programs 
(Code  458) 

Office  of  Naval  Research 
Arlington,  VA  22217 

1  Psychologist 

0NR  Branch  Office 
1030  East  Green  Street 
Pasadena,  CA  91101 
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Navy 


1  Office  of  the  Chief  of  Naval  Operations  1 
Research,  Development,  and  Studies  Branc 
(OP-102) 

Washington,  DC  20350 

1  Captain  Donald  F.  Parker,  USN  1 

Commanding  Officer 
Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 

1  LT  Frank  C.  Petho ,  MSC,  USN  (Ph.D) 

Code  L51  1 

Naval  Aerospace  Medical  Research  Laborat 
Pensacola,  FL  32508 

1  Dr.  Gary  Poock 

Operations  Research  Department  1 

Code  55PK 

Naval  Postgraduate  School 
Monterey,  CA  939-40 

1  Roger  W.  Remington,  Ph.D  1 

Code  L52 
NAMRL 

Pensacola,  FL  32508 

1  Dr.  Bernard  Rimland  (03B) 

Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 

1  Dr.  Sam  Schiflett,  SY  721 

Systems  Engineering  Test  Directorate 
U.S.  Naval  Air  Test  Center 
Patuxent  River,  MD  20670 

1  Dr.  Robert  G.  Smith 

Office  of  Chief  of  Naval  Operations 
OP-987H 

Washington,  DC  20350 

1  Dr.  Alfred  F.  anode 

Training  Analysis  &  Evaluation  Group 
(TAEG) 

Dept,  of  the  Navy 
Orlando,  FL  32813 

1  Dr.  Richard  Sorensen 

Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 


Navy 


W.  Gary  Thomson 

Naval  Ocean  Systems  Center 

Code  7132 

San  Diego,  CA  92152 

Dr.  Ronald  Weitzman 
Code  54  WZ 

Department  of  Administrative  Sciences 
U.  S.  Naval  Postgraduate  School 
Monterey,  CA  93940 

DR.  H.M.  WEST  III  (0P-01) 

Head,  Program  Development  Br anch(0P-120) 
ARLINGTON  ANNEX 
WASHINGTON,  DC  20350 

Dr.  Robert  Wisher 
Code  309 

Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 

DR.  MARTIN  F.  WISKOFF 
NAVY  PERSONNEL  R&  D  CENTER 
SAN  DIEGO,  CA  92152 
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Army 


1  Technical  Director 

U.  S.  Army  Research  Institute  for  the 
Behavioral  and  Social  Sciences 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1  HQ  USAREUE  &  7th  Army 
0 DC SOPS 

USAAREUE  Director  of  GED 
APO  New  York  09*103 

1  Mr.  J.  Barber 

HQS,  Department  of  the  Army 
DAPE-ZBR 

Washington,  DC  20310 

1  Col  Gary  W.  Bloedorn 

US  Army  TRAD0C  Systems  Analysis  Activi 
Attn:  ATAA-TH 
WSMR,  NM  88002 

1  DR.  RALPH  DUSEK 

U.S.  ARMY  RESEARCH  INSTITUTE 
5001  EISENHOWER  AVENUE 
ALEXANDRIA,  VA  22333 

1  Dr.  Beatrice  J.  Farr 

Army  Research  Institute  (PERI-0K) 

5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1  Dr  .  Ed  Johnson 

Army  Research  Institute 
5001  Eisenhower  Blvd. 

Alexandria,  VA  22333 

1  Dr.  Michael  Kaplan 

U.S.  ARMY  RESEARCH  INSTITUTE 
5001  EISENHOWER  AVENUE 
ALEXANDRIA,  VA  22333 

1  Dr.  Milton  S.  Katz 

Training  Technical  Area 
U.S.  Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 


1  Director 

U.S.  Army  Human  Engineering  Labs 
Attn:  DRXHE-DB 

Aberdeen  Proving  Ground,  MD  21005 

1  Dr.  Harold  F.  O'Neil,  Jr. 

Attn:  PERI-OK 
Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1  Mr.  Robert  Ross 

U.S.  Army  Research  Institute  for  the 
Social  and  Behavioral  Sciences 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1  Dr.  Robert  Sasmor 

U.  S.  Army  Research  Institute  for  the 
Behavioral  and  Social  Sciences 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1  Commandant 

US  Army  Institute  of  Administration 
Attn:  Dr.  Sherrill 
FT  Benjamin  Harrison,  IN  *16256 

1  Dr.  Frederick  Steinheiser 
U.  S.  Army  Reserch  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1  Dr  .  Joseph  Ward 

U.S.  Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 
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1  Air  Force  Human  Resources  Lab 
AFHRL/MPD 

Brooks  AFB,  TX  78235 

1  U.S.  Air  Force  Office  of  Scientific 
Research 

Life  Sciences  Directorate,  NL 
Bolling  Air  Force  Base 
Washington,  DC  20332 

1  Air  University  Library 
AUL/LSE  76/443 
Maxwell  AFB,  AL  36112 

1  Dr.  Earl  A.  Alluisi 
HQ,  AFHRL  (AFSC) 

Brooks  AFB,  TX  78235 

1  Dr.  Genevieve  Haddad 
Program  Manager 
Life  Sciences  Directorate 
AFOSR 

Bolling  AFB,  DC  20332 

1  Dr.  Ronald  G.  Hughes 
AFHRL/OTR 

Williams  AFB,  AZ  85224 

1  Research  and  Measurment  Division 
Research  Branch,  AFMPC/MPCYPR 
Randolph  AFB,  TX  78148 

1  Dr.  Malcolm  Ree 
AFHRL/MP 

Brooks  AFB,  TX  78235 

1  Dr.  Marty  Rockway  ( AFHRL/TT) 

Lowry  AFB 
Colorado  80230 

1  Dr.  Frank  Schufletowski 
U.S.  Air  Force 
ATC/XPTD 

Randolph  AFB,  TX  78148 
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Air  Force 


1  Jack  A.  Thorpe,  Maj.,  USAF 
Naval  War  College 
Providence,  RI  02846 

1  Brian  K.  Waters,  Lt  Col,  USAF 
Air  War  College  (EDV) 

Maxwell  AFB,  AL  36112 


2  3700  TCHTW/TTGH  Stop  32 

Sheppard  AFB,  TX  76311 
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Marines 


1  H.  William  Greenup 

Education  Advisor  (E031) 
Education  Center,  MCDEC 
Quantico,  VA  221 3*» 

1  Headquarters,  U.  S.  Marine  Corps 
Code  MPI-20 
Washington,  DC  20380 

1  Special  Assistant  for  Marine 
Corps  Matters 
Code  100M 

Office  of  Naval  Research 
800  N.  Quincy  St. 

Arlington,  VA  22217 

1  DR.  A.L.  SLAFKOSKY 

SCIENTIFIC  ADVISOR  (CODE  RD-1) 
HQ,  U.S.  MARINE  CORPS 
WASHINGTON,  DC  20380 


Other  DoD 


12  Defense  Documentation  Center 
Cameron  Station,  Bldg.  5 
Alexandria,  VA  2231*» 

Attn:  TC 

1  Dr.  Dexter  Fletcher 

ADVANCED  RESEARCH  PROJECTS  AGENCY 
1400  WILSON  BLVD. 

ARLINGTON,  VA  22209 

1  Military  Assistant  for  Training  and 
Personnel  Technology 

Office  of  the  Under  Secretary  of  Defense 
for  Research  4  Engineering 
Room  3D129,  The  Pentagon 
Washington,  DC  20301 


Delaware/Hoffman 


March  20,  1980 


Page  7 


Civil  Govt 


1  Dr.  Susan  Chi  pm  an 

Learning  and  Development 
National  Institute  of  Education 
1200  19th  Street  NW 
Washington,  DC  20208 

1  Jerry  Lehnus 

REGIONAL  PSYCHOLOGIST 
U.S.  Office  of  Personnel  Management 
230  S.  DEARBORN  STREET 
CHICAGO,  IL  60604 

1  Dr.  Joseph  I.  Lipson 
SEDR  W-638 

National  Science  Foundation 
Washington,  DC  20550 

1  Dr.  Andrew  R.  Molnar 
Science  Education  Dev. 
and  Research 

National  Science  Foundation 
Washington,  DC  20550 

1  Personnel  R&D  Center 

Office  of  Personnel  Managment 
1900  E  Street  NW 
Washington,  DC  20415 

1  Dr .  H.  Wallace  Sinaiko 
Program  Director 
Manpower  Research  and  Advisory 
Smithsonian  Institution 
801  North  Pitt  Street 
Alexandria,  VA  22314 

1  Dr.  Frank  Withrow 

U.  S.  Office  of  Education 
400  Maryland  Ave.  SW 
Washington,  DC  20202 

1  Dr.  Joseph  L.  Young,  Director 
Memory  &  Cognitive  Processes 
National  Science  Foundation 
Washington,  DC  20550 


Non  Govt 


1  Dr.  Erling  B.  Andersen 
Department  of  Statistics 
Studiestraede  6 
1455  Copenhagen 
DENMARK 

1  Dr.  John  R.  Anderson 

Department  of  Psychology 
Carnegie  Mellon  University 
Pittsburgh,  PA  15213 

1  Dr.  John  Annett 

Department  of  Psychology 
University  of  Warwick 
Coventry  CV4  7AL 
ENGLAND 

1  DR.  MICHAEL  ATWOOD 

SCIENCE  APPLICATIONS  INSTITUTE 
40  DENVER  TECH.  CENTER  WEST 
7935  E.  PRENTICE  AVENUE 
ENGLEWOOD,  CO  80110 

1  1  psychological  research  unit 

Dept,  of  Defense  (Army  Office) 
Campbell  Park  Offices 
Canberra  ACT  2600,  Australia 

1  Dr .  Alan  Baddeley 

Medical  Research  Council 

Applied  Psychology  Unit 
15  Chaucer  Road 
Cambridge  CB2  2EF 
ENGLAND 

1  Dr.  Patricia  Baggett 

Department  of  Psychology 
University  of  Denver 
University  Park 
Denver,  CO  80208 

1  Dr.  Jackson  Beatty 

Department  of  Psychology 
University  of  California 
Los  Angeles,  CA  90024 
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Non  Govt 


Non  Govt 


1  Dr.  Nicholas  A.  Bond 
Dept,  of  Psychology 
Sacramento  State  College 
600  Jay  Street 
Sacramento,  CA  95819 


1  Dr.  Lynn  A.  Cooper 

Department  of  psychology 
Uris  Hall 

Cornell  University 
Ithaca,  NY  14850 


1  Dr.  Lyle  Bourne  1  Dr.  Meredith  P.  Crawford 

Department  of  Psychology  American  Psychological  Association 

University  of  Colorado  1200  17th  Street,  N.W. 

Boulder,  CO  80309  Washington,  DC  20036 


1  Dr.  Bruce  Buchanan 

Department  of  Computer  Science 
Stanford  University 
Stanford,  CA  94305 


Dr.  Kenneth  B.  Cross 
Anacapa  Sciences,  Inc. 
P.0.  Drawer  Q 
Santa  Barbara,  CA  93102 


1  Dr .  John  B.  Carroll 
Psychometric  Lab 
Univ.  of  No.  Carolina 
Davie  Hall  013A 
Chapel  Hill,  NC  27514 

1  Charles  Myers  Library 
Livingstone  House 
Livingstone  Road 
Stratford 
London  E15  2LJ 
ENGLAND 

1  Dr.  William  Chase 

Department  of  Psychology 
Carnegie  Mellon  University 
Pittsburgh,  PA  15213 

1  Dr.  Michel ine  Chi 

Learning  R  &  D  Center 
University  of  Pittsburgh 
3939  O’Hara  Street 
Pittsburgh,  PA  15213 

1  Dr.  William  Clancey 

Department  of  Computer  Science 
Stanford  University 
Stanford,  CA  94305 

1  Dr.  Allan  M.  Collins 

Bolt  Beranek  &  Newnan,  Inc. 

50  Moulton  Street 
Cambridge,  Ma  02138 


1  Dr .  Emmanuel  Donchin 

Department  of  Psychology 
University  of  Illinois 
Champaign,  IL  61820 

1  LC0L  J.  C.  Eggenberger 

DIRECTORATE  OF  PERSONNEL  APPLIED  RESEARC 
NATIONAL  DEFENCE  HQ 
101  COLONEL  BY  DRIVE 
OTTAWA,  CANADA  K1A  0K2 

1  ERIC  Facility-Acquisitions 
4833  Rugby  Avenue 
Bethesda,  MD  20014 

1  Dr.  Richard  L.  Ferguson 

The  American  College  Testing  Program 

P.O.  Box  168 

Iowa  City,  IA  52240 

1  Dr.  Edwin  A.  Fleishman 

Advanced  Research  Resources  Organ. 

Suite  900 

4330  East  West  Highway 
Washington,  DC  20014 

1  Dr.  John  R.  Frederiksen 
Bolt  Beranek  &  Newnan 
50  Moulton  Street 
Cambridge,  MA  02138 
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Non  Govt 


Non  Govt 


1  Dr.  Alinda  Friedman 

Department  of  Psychology 
University  of  Alberta 
Edmonton,  Alberta 
CANADA  T6G  2E9 

1  Dr.  R.  Edward  Geiselman 
Department  of  Psychology 
University  of  California 
Los  Angeles,  CA  90024 

1  DR.  ROBERT  GLASER 
LRDC 

UNIVERSITY  OF  PITTSBURGH 
3939  O'HARA  STREET 
PITTSBURGH,  PA  15213 

1  Dr.  Marvin  D.  Clock 
217  Stone  Hall 
Cornell  University 
Ithaca,  NY  14853 

1  Dr.  Frank  E.  Gomer 

McDonnell  Douglas  Astronautics  CO. 

P.  0.  Box  516 
St.  Louis,  M0  63166 

1  Dr.  Daniel  Gopher 

Industrial  &  Management  Engineering 
Technion-Israel  Institute  of  Technology 
Haifa 
ISRAEL 

1  DR.  JAMES  G.  GREEN0 
LRDC 

UNIVERSITY  OF  PITTSBURGH 
3939  O'HARA  STREET 
PITTSBURGH,  PA  15213 

1  Dr.  Harold  Hawkins 

Department  of  Psychology 
University  of  Oregon 
Eugene  OR  97403 

1  Dr.  Barbara  Hayes-Roth 
The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  CA  90406 


1  Dr.  Frederick  Hayes-Roth 
The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  CA  90406 

1  Dr.  James  R.  Hoffman 

Department  of  Psychology 
University  of  Delaware 
Newark,  DE  19711 

1  Dr.  Lloyd  Humphreys 

Department  of  Psychology 
University  of  Illinois 
Champaign,  IL  61820 

1  Library 

HumRRO/Western  Division 
27857  Berwick  Drive 
Carmel,  CA  93921 

1  Dr.  Earl  Hunt 

Dept,  of  Psychology 
University  of  Washington 
Seattle,  WA  98105 

1  Dr.  Douglas  H.  Jones 
Rm  T-255 

Educational  Testing  Service 
Princeton,  NJ  08450 

3  Journal  Supplement  Abstract  Service 
American  Psychological  Association 
1200  17th  Street  N.W. 

Washington,  DC  20036 

1  Dr.  Steven  W.  Keele 
Dept,  of  Psychology 
University  of  Oregon 
Eugene ,  OR  97403 

1  Dr.  Walter  Kintsch 

Department  of  Psychology 
University  of  Colorado 
Boulder,  CO  80302 

1  Dr.  David  Kieras 

Department  of  Psychology 
University  of  Arizona 
Tuscon,  AZ  85721 
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Non  Govt 


1  Dr.  Stephen  Kosslyn 
Harvard  University 
Department  of  Psychology 
33  Kirkland  Street 
Cambridge,  MA  02138 

1  Mr.  Marlin  Kroger 
1117  Via  Goleta 

Palos  Verdes  Estates,  CA  9027# 

1  Dr.  Jill  Larkin 

Department  of  Psychology 
Carnegie  Mellon  University 
Pittsburgh,  PA  15213 

1  Dr.  Alan  Lesgold 
Learning  R&D  Center 
University  of  Pittsburgh 
Pittsburgh,  PA  15260 

1  Dr.  Charles  Lewis 

Faculteit  Sociale  Wetenschappen 
Ri jksuniversiteit  Groningen 
Oude  Boteringestraat 
Groningen 
NETHERLANDS 

1  Dr .  James  Lumsden 

Department  of  Psychology 
University  of  Western  Australia 
Ned lands  W.A.  6009 
AUSTRALIA 

1  Dr.  Mark  Miller 

Computer  Science  Laboratory 
Texas  Instriments,  Inc. 

Mail  Station  371,  P.0.  Box  225936 
Dallas,  TX  75265 

1  Dr.  Allen  Munro 

Behavioral  Technology  Laboratories 
1845  Elena  Ave.,  Fourth  Floor 
Redondo  Beach,  CA  90277 

1  Dr .  Donald  A  Norman 

Dept,  of  Psychology  C-009 
Univ.  of  California,  San  Diego 
La  Jolla,  CA  92093 


Non  Govt 


1  Dr.  Melvin  R.  Novick 

356  Lindquist  Center  for  Measurment 
University  of  Iowa 
Iowa  City,  IA  52242 

1  Dr.  James  A.  Paulson 

Portland  State  University 
P.0.  Box  751 
Portland,  OR  97207 

1  MR.  LUIGI  PETRULL0 

2431  N.  EDGEWOOD  STREET 
ARLINGTON,  VA  22207 

1  Dr.  Martha  Poison 

Department  of  Psychology 
University  of  Color  ado 
Boulder,  CO  80302 

1  DR.  PETER  P0LS0N 
DEPT.  OF  PSYCHOLOGY 
UNIVERSITY  OF  COLORADO 
BOULDER,  CO  80309 

1  DR.  DIANE  M.  RAMSEY-KLEE 

R-K  RESEARCH  4  SYSTEM  DESIGN 
3947  RIDGEMONT  DRIVE 
MALIBU,  CA  90265 

1  MINRAT  M.  L.  RAUCH 
P  II  4 

BUNDESMINISTERIUM  DER  VERTEIDIGUNG 

POSTFACH  1328 

D-53  BONN  1,  GERMANY 

1  Dr.  Andrew  M.  Rose 

American  Institutes  for  Research 
1055  Thomas  Jefferson  St.  NW 
Washington,  DC  20007 

1  Dr.  Ernst  Z.  Rothkopf 
Bell  Laboratories 
600  Mountain  Avenue 
Murray  Hill,  NJ  07974 

1  Dr.  David  Rumelhart 

Center  for  Human  Information  Processing 
Univ.  of  California,  San  Diego 
La  Jolla,  CA  92093 
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1  DR.  ROBERT  J.  SEIDEL 

INSTRUCTIONAL  TECHNOLOGY  GROUP 
HUMRRO 

300  N.  WASHINGTON  ST. 

ALEXANDRIA,  VA  22314 

1  Committee  on  Cognitive  Research 
1  Dr.  Lonnie  R.  Sherrod 
Social  Science  Research  Council 
605  Third  Avenue 
New  York,  NY  10016 

1  Dr.  Robert  Smith 

Department  of  Computer  Science 

Rutgers  University 

New  Brunswick,  NJ  08903 

1  Dr.  Richard  Snow 
School  of  Education 
Stanford  University 
Stanford,  CA  94305 

1  Dr.  Kathryn  T.  Spoehr 
Department  of  Psychology 
Brown  University 
Providence,  RI  02912 
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